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'IG. 3C is a graph of plasma ion density as a function of nadial position relative to the worlipiece center in the reac- 
□r of FIG. 1 for a v«orkpiece-to<aling height ol 2.5 inches, the curves laljelled A and B corresponding to plasma 
on densities produced t>y outer and inr 

-IG. 3D is a graph of plasma ion density as 

1 for a worhipiece-to-ceiling height of 1.25 inches, the cui 
es produced l)y outer ai 



FIG. 4B is an enlarged view of a portion ol the reactor of FIG. 4A illustrat'ng a preferred way of winding the solenoi- 
dal winding. 

FIG. 4C is a cut-away side view of a plasma reactor corresponding to FIG. 4A Ixit having a dome-shaped ceiling. 
FIG. 4D is a cut-away side view of a plasma reactor corresponding to FIG. 4A but having a conical ceiling. 
FIG. 4E is a cut-away side view of a plasma reactor corresponding to FIG. 4D but having a truncated conical ceiling. 
FIG. S is a cut-away side view of a plasma reactor employing inner and outer vertical solenoid windings. 
FIG. 6 is a cut-away side view of a plasma reactor corresponding to FIG. 5 in which the outer winding is flat. 

tor corresponding to FIG. 4 in which the center solenoid winding 

FIG. 7B is a detailed view of a first implementation of the embodiment of FIG. 7A. 
FIG. 7C is a detailed view of a second implementation of the embodiment of FIG. 7A. 

FIG. 8 is a cut-away side view of a plasma reactor con^esponding to FIG. 5 in which both the inner and outer wind- 
ings consist of plural upright cylindrical windings. 


im plasma ion density uniformity. 
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re RF power at the same frequency. Othetwise. if t 
ey ma/ fc>e powered at different RF frequencies, in wtich case it is preferable to 
mt of each RF power supply 68. 96 to avoid ofl-frequency feedtack from coupling Ijetween the two sol 
In this case, the frequency difference should be sufficient to time-average our 
) furthermore, should exceed the rejection bandwidth of the RF filters. A prelen-ed mode is to malie each frequency inde- 
pendently resonantly matched to the respective solenoid, and each frequency may be varied to follow changes in the 
plasma impedance (thereby maintaining resonance) in lieu of conventional impedance matching techniques. In other 
words, the RF frequency applied to the antenna is made to follow the resonant frequency of the antenna as loaded by 
the impedance of the plasma in the chamber. In such inplementations, the frequency ranges of thi 
i should be mutually exclusive. In an altemalive mode, the two solenoids are driven at the same RF frequency and in this 

case it is prefer^e that the phase relationship be' ^ — • • 

position of the fields of the two solenoids, i 
signals applied to the two solenoids if they i 
the phase angle is preferably 180°. In any i 
I eliminated by having a relatively large space between the i 

The range attainable by such adjustments is increased by inaeasing the radius of 1 
the spacing between the inner and outer solenoids 42, 90, so that the effects of the two solenoids 42, 90 are more con- 
le worl<piece center and edge, respectively. This pennhs a greater range of 

us and preferably no more than about at , 

42 is affected in part by the diameter of the conductor forming the solenoid 42 and in part by the need to provide a f inHe 
non-zero circumference for an arcuate --e.g.. circular-- cun-ent path to produce inductance.) The radius ol the outer coil 
90 should be at least equal to the wori<piece radius and preferably 1 .5 or more times the workpiece radius. With such a 
configuration, the respective center and edge effects oftheinnerandouter solenoids 42, 90 are so pronounced that by 

na, and by increasing power to the outer solenoid 90 th( 




06 may consist of two independently wound single solenoids 42, 1 02, the inner solenoid 42 consisting of the 
wincf ngs 44a, 44b, and so forth and the outer solenoid 102 consisting of the winding 104a, 104b and so forth. Alterna- 
tively, refening to FIG. 7C, the doubly wound solenoid 1 06 may consist of vertically stacked pairs of at least nearly co- 
: planar windings. In the altemalive of FIG. 7C, each pair of nearly co-planar windings (e.g., the pair 44a, 1 04a or the pair 
44b, 1 04b) may be formed by helically winding a single conductor. The temi "doubly wound" used herein refers to wind- 
ing of the type shown in either FIG. 7B or 7C. In addition, the solenoid winding may not be merely doubly wound but 
may be triply wound or mora and in general it can consists of plural windings at each plane atong the axis of symmetry 
Such multiple-wound solenoids may be employed in either one or both the inner and outer solenoids 42, 90 ol the dual- 

FK3. 8 illustrates a variation of the embodiment ofFIG.7Ainwhichan outer doubly wound solenoid 1 1 0 concentric 
with the inner doubly wound solenoid 106 is placed at a radial distance 5R from the inner solenoid 106. 

FIG. 9 illustrates a variation of the embodiment of FIG. 8 in which the outer doubly wound solenoid 1 1 0 is replaced 
by an ordinary outer solenoid 112 corresponding to the outer solenoid employed in the entradiment of FIG. 5. 

FIG. 1 0 illustrates another prefened embodiment in which the solenoid 42 of FIG. 5 is placed at a li 
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on ring 62. A ceiling temperature 


*n to the controMer 222. The master controller 300 governs the desired temperatures of the temperature coi 
trollers2l8and222,the RF power levels of the solenoid power sources 68, 96, the RFpowerlevels of the bias powi 
sources 210, 212 (FIG. 17A) or 214, 216 (FIG. 17B), the wafer bias level applied by the RF power source 70 and th 
gas flow rates supplied by the various gas siqsplies (or separate valves) to the gas inlets 64a-d. Th 



In a preferred embodiment of the invention, the high thermal conductivity spacer 75, the ceiling 52 and the side wall 
SO are integrally formed together from a single piece of crystalline silicon. 

Referring again to FIG. 5, a preferred plasma processing chamber Includes a window/electrode 52. Tlie win- 
dow/electrode 52 is fabricated from semiconducting material as described in detail in the aboven-eferenced applications 
so that it may hincHon as both a window to RF electromagnetic or inductive power coupling from one or more external 
(outside chamber) antennas or coils to the plasma within the chamber and as an electrode for electrostatically or capac- 
Hively coupling RF power to the plasma within the chamber (or for terminating or providing a ground or return path lor 


iterfaced to the heat sink 74 through the heal transfer material 75. Typically the heat 
ite, preferably a good thermal conductor such as aluminum or copper, but may opBon- 
k 74 typically a cooling apparatus preferably of the type which uses a 


tungsten filament lamps utilizing a quartz envelope filled with a n 
prefened to other heater types because thermal lag is minimized: The thermal capacitance of a tungsten filament lamp 
is very kM^ such that the time response of filament temperature (and thus of power output) to a change in power setting 


ment lamp is very low, the anxHJnt of stored thermal energy in the lamp is very low, and wt 
power is called for by the control system, the filament temperature may be quicWy dropped and the lanp output pow« 
thus also quickly drops. As shown in FIG. 5, the lamps 72 directly radiate the load (the window/electrode 52) for the fast- 



er material 75 may be formed integrally with the windi 
material into a single piece structure for eiir ' ' 

material 75 and vmndow/eleclrode 52 were two separate parts. Alternatively, the he 

dow/electrode 52 may be two parts of same or different materials that are bonded together, (preferably vinth a high eK 
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1 . outer heat transfer ring - 12.80" outside dia., 10.79" inside dia., 

2. middle heat transfer ring - 9.010" outside dia., 7.595" inside dia.. 
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Doping level: 


lO^/cm^, boron or frfiosphorous 
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a plasma reactor chamber and a workpiece support for holding a iworkpiece near a snjport plane inside said 
chamber during processing, said chamber having a reactor enclosure portion facing said siwort: 
a cold body adjacent said reactor enclosure portion: 

a plasma source power applicator between said reactor enclosure portion and said cold body: and 
a thermally conductor between and in contact with said cold body and said reactor enclosure. 


2. ThereactofofClajmli 
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